Genetic complementation studies demonstrated that the transfer to plant cells of the octopine T-DNA, entirely present as the only part of the tumor-inducing (Ti) plasmid on the plasmid pAL1050, was effected by the virulence systems from related plasmids, viz. the nopaline Ti plasmid pTiC58, the limited host range plasmid pTiAg57, and the root-inducing (Ri) plasmid pRil855. Rhizobium symbiosis plasmids were not capable of effecting the introduction of pAL1050 into plant cells.
The plant diseases crown gall and hairy root are caused by species of the genus Agrobacterium, viz. Agrobacterium tumefaciens and Agrobacterium rhizogenes, respectively. Both diseases are characterized by unlimited host cell proliferations. The oncogenicity of the bacteria is conferred by large plasmids harbored by both species, termed Ti (tumorinducing) and Ri (root-inducing) plasmids (14, 20) . It is now firmly established that the transformation of normal plant cells into tumor cells is the result of transfer, genomic incorporation, and expression of a specific DNA segment (T-DNA) from the large plasmid (3, 4, 22) . Thus, agrobacteria induce tumor and root formation by the introduction of genetic material into plant cells. Most agrobacteria have a wide host range; they are able to infect many different dicotyledonous plants. A few strains with a limited host range have been isolated from grapevine tumors. The host range of such strains has been shown to be deterirned by the Ti plasmid (13, 19) . Tumor tissue contains unusual compounds whose synthesis is encoded by the transferred DNA (17) . These opines can be catabolized by the agrobacteria; this is also a Ti plasmid encoded trait (1) . This has led to the classification of the Ti plasmids from A. tumefaciens as octopine, nopaline, and leucinopine plasmids (2, 6) . The wide host range octopine ahd nopaline plasmids share extensive DNA homology, but the limited host range plasmids and the Ri plasmid share limited DNA homology with the wide host range Ti plasmids (7, 18, 21) . On the octopine and nopaline wide host range plasmids, two regions have been shown to be associated with tumorigenicity. Apart from the T region, a second region, the Vir (virulence) region, is required for tumorigenicity (15) . Mutations in the Vir region abolish or diminish virulence, but this region was never detected in tumor tissue. Complementation data suggest that the Vir region is expressed in the bacterium (8, 12) . It might be involved in the transfer of T-DNA to plant cells. Recently we accomplished the disconnection of the Vir and T region of the octopine Ti plasmid onto two separate replicons without loss of function (9) .
In this study, we report complementation experiments using the T region plasmid in the presence of related agrobacterial plasmids, showing the functional similarity of virulence determinants of different agrobacterial plasmids.
Plasmid pAL1050 is an IncP plasmid containing the entire TL region of the octopine Ti plasmid pTiAch5. It is compati-* Corresponding author. ble with the Ti and Ri plasmids from Agrobacterium spp. and with the Sym(biosis) plasmids from Rhizobium spp. From the donor strain Escherichia coli CEL126, pAL1050 was first transferred into various Agrobacterium strains by conjugation to form the strains listed in Table 1 . Transconjugants were selected for by their resistance against kanamycin (50 mg/liter) and carbenicillin (100 mg/liter) (the pAL1050 markers), and their ability to grow on minimal medium (10) with 1% potassium nitrate as the sole nitrogen source to counterselect against the -E. coli chlA donor strain. Plasmid pAL1050 was introduced into strain LBA958, which contained the nopaline Ti plasrnid pTiC58. We also used a newly isolated recombination-deficient (Rec) A. tumefaciens C58 strain containing pTiC58 (LBA2409) as a recipient for pAL1050. Plasmid visualization revealed the presence of both pTiC58 and pAL1050 in the two transconjugaht strains LBA1058 and LBA2419 (data not shown). Both the recombination-proficient and -deficient strain incited tumors of normal size and form on all plants tested. However, whereas LBA958 and LBA2409 incited tumors containing only nopaline, infection with LBA1058 or LBA2419 invariably resulted in tumors in which not only nopaline but also octopine was present. This indicated that the nopaline T-DNA as well as the octopine T-DNA had been transferred to the plant cells.
Subsequently, we investigated whether the Ri plasmid from A. rhizogenes was also able to transfer octopine T-DNA to plant cells. To this end we compared the tumorinducing properties of A. rhizogenes LBA9402 with those of LBA9422, its derivative carrying plasmid pAL1050.
LBA9402 was found to induce only very small overgrowths on tomato, whereas LBA9422 formed large tumors on tomato. Moreover, on Kalanchoe daigtemontiana aberrant octopine-positive tunmors were formed by LBA9422(pRil855, pAL1050). These tumors resembled the hybrid type of tumors which are formed when A. tumefaciens and A. rhizogenes are mixed 1:1 and inoculated on K. daigremontiana or when the entire Ti plasmid is introduced into LBA9402 (5) (Fig. 1) . Consequently, it can be concluded that both the Ti T-DNA and the Ri T-DNA are active in the transformation of plant cells after inoculation with LBA9422.
A. tumefaciens LBA649, which contains the limited host range Ti plasmid pTiAg57, was also used as a recipient for pAL1050. It is not clear yet which Ti plasmid genes specify host range, but it has been suggested that at least some of these functions may map in the T region (11, 15, 18) . Our results support this idea since introduction of the T region from the wide host range octopine Ti plasmid into LBA649 resulted in a strain (LBA1049) with an extended host range (Table 2) . LBA649 appeared to be nononcogenic on tomato, tobacco, and K. daigremontiana, whereas LBA1049 (p-TiAg57, pAL1050) induced tumors on tomato comparable with those induced by a wild-type octopine strain. On tobacco and K. daigremontiana, this complementation effect was less pronounced (Fig. 1) .
As agrobacteria and rhizobia are taxonomically closely related, it seemed interesting to investigate whether tumor formation could be induced by rhizobia carrying pAL1050. Therefore, plasmid pAL1050 was introduced into Rhizobium trifolii LPR5001 and Rhizobium leguminosarum LPR1105. The transconjugants were tested for tumorigenicity on K. daigremontiana, tomato, tobacco, and pea. However, in none of these plants were tumors induced by the Rhizobium strains carrying pAL1050.
The results presented in this report demonstrate a functional similarity between the virulence systems of different agrobacterial plasmids. From recent reports (8, 12) 
